Experiments performed on the portal branch ligation (PBL) model indicate that early changes observed after surgery are not related to the regenerative process because they also occur in atrophying lobes. To further confirm the lack of specificity of the early events and to exclude the influence of circulatory factors released by proliferating lobes on their occurrence, we investigated this response after sham operation (SO) and portacaval shunt (PCS), a model characterized by liver atrophy. We also attempted to determine expression of later events associated specifically with regeneration, ie, expression of p53 or c-Ha-ras, or inhibition of proliferation, ie, interleukin-1␤ (IL-1␤) and transforming growth factor-␤1 (TGF-␤1) after partial (PH) and temporary partial (TPH) hepatectomy, SO and PCS. Nuclear factor-B (NF-B) and signal transducer and activator of transcription 3 (STAT3) DNA binding were assessed by electrophoretic mobility shift assay (EMSA), interleukin-6 (IL-6) mRNA by reverse transcriptionpolymerase chain reaction (RT-PCR), c-myc and c-jun mRNAs by Northern blot analysis at 0.5 and 2 hours, p53 and c-Ha-ras mRNAs by Northern blot analysis at 8 and 24 hours, and IL-1␤ and TGF-␤1 by RT-PCR at 24 hours. The early response including an increase of NF-B, STAT3, IL-6, and immediate-early genes expression was present after PH, PCS, and SO. In SO, slight differences were observed in comparison with PH: no NF-B p65/p50 DNA binding was observed, only three of six SO rats were positive for IL-6, and immediate-early genes induction showed differences in the intensity of the response. At later times, p53 mRNA increased at 8 hours after PH and TPH, c-Ha-ras mRNA at 24 hours after PH, and IL-1␤ mRNA at 24 hours after PCS. Early events are not specifically associated with the reduction of liver mass or with the regenerative process, are not predictive of future cell fate, and are most likely related to surgical stress. p53 and c-Ha-ras induction is closely associated with cell cycle progression whereas IL-1␤, but not TGF-␤1, appears to be one of the negative growth regulators that might play an important role in atrophy. (Lab Invest 2001, 81:1299 -1307.
L
iver regeneration is a complex regulated process divided into several phases resulting in the restoration of the original and functional liver mass. In rats, the proliferative response is preceded by a stage called "priming" in which quiescent hepatocytes acquire proliferative competences (Fausto and Mead, 1989; Fausto, 2000; Webber et al, 1994) . This period corresponds, in the current 2/3 partial hepatectomy model (PH), to the first hours after surgery during which tumor necrosis factor-␣ (TNF-␣) and interleukin-6 (IL-6) expression Rai, 1996a, 1996b; Fausto et al, 1995; Michalopoulos and DeFrances, 1997; Yamada et al, 1997) , as well as DNA binding of the transcription factors, nuclear factor-B (NF-B) and signal transducer and activator of transcription 3 (STAT3) (Cressman et al 1994 (Cressman et al , 1995 FitzGerald et al, 1995; Taub, 1996; Trautwein et al, 1996) , and c-myc, c-fos, and c-jun transcripts are increased (Alcorn et al, 1990; Thompson et al, 1986; Webber et al, 1994) . Although studies in knockout animals seem to emphasize the role of these factors in triggering liver regeneration, hepatocyte proliferation has been obtained in several models independently of this cascade (Cressman et al, 1996; Menegazzi et al, 1997; Sakamoto et al, 1999; Yamada et al, 1997 Yamada et al, , 1998 . Moreover, our previous observations from experiments performed on the temporary partial hepatectomy (TPH) and the portal vein ligation (PBL) models (Lambotte et al, 1997; Stärkel et al, 1999) indicate that early changes are not specifically related to the reduction of liver mass and the subsequent regenerative process. The increases in NF-B, STAT3, IL-6, and immediate-early genes expression in the atrophying lobes of the PBL model suggests that these events are not predictive of the future proliferative response and are most likely due to the surgical stress (Stärkel et al, 1999) . However, in the PBL model, it was not excluded that the response observed in the atrophying lobes could be induced by changes occurring in the regenerating ones. We, therefore, investigated the response after a termino-lateral portacaval shunt (PCS), a model in which the entire liver, deprived of portal blood flow, begins to atrophy (Fisher et al, , 1979 . Because the response observed in this model was similar to that after PH, we investigated the occurrence of the early response after sham operation (SO) (laparotomy and liver lobes handling). The results clearly confirmed that the initial response is not related to the reduction of the liver mass, but more likely to surgical stress.
The divergences observed between proliferating and atrophying lobes after PBL (Uemura et al, 2000) and the absence of specificity in activation of early factors prompted us to evaluate the expression of p53, c-Ha-ras, interleukin-1␤ (IL-1␤), and transforming growth factor-␤1 (TGF-␤1) at later time points in four models characterized by different outcomes after a similar initial response: the classical 2/3 PH, TPH (PH followed by a reconnection of ligated lobes at 3 hours), SO, and PCS.
Results

NF-B and STAT3 Activation
By electrophoretic mobility shift assay (EMSA), no NF-B p65/p50 complex (Fig. 1A , Lane 3) or STAT3 ( Fig. 2A , Lane 1) DNA binding was observed in liver nuclear extracts from controls. The p65/p50 complex was observed 0.5 hours after PH (Fig. 1A , Lane 2) but was not found at 2 hours (not shown). STAT3 was detected at 2 hours after PH (not shown).
In SO animals, only dimers containing the p50 sub-unit but not the p65/p50 transcriptionally active heterodimer were expressed (Fig. 1A , Lanes 4 to 5). A positive STAT3 DNA binding was shown at 2 hours ( Fig. 2A, Lane 3) .
Following PCS, a strong increase in p65/p50 NF-B binding activity was observed at 0.5 hours, whereas it was not found anymore at 2 hours (Fig. 1A , Lanes 6 to 7). The lower complex was partially supershifted by p50 (Fig. 1, Lane 9 ) and the upper complex was supershifted by p65 antibody (Fig. 1A , Lane 10). STAT3 was only detected at high levels at 2 hours ( Fig.  2A , Lane 5).
By immunoblotting, a faint p65 NF-B (Fig. 1B) and STAT3 ( Fig. 2B) immunoreactive band was noticed in nuclear extract from controls. After PH, a significant increase was observed at 0.5 hours for NF-B (p Ͻ 0.01) and at 2 hours for STAT3 (p Ͻ 0.01).
After SO, there was no significant change of p65 NF-B level at 0.5 and 2 hours. In contrast, a significant increase in STAT3 was observed at 2 hours (p Ͻ 0.01). After PCS, a significant elevation above baseline levels in NF-B p65 protein was present at 0.5 hours (p Ͻ 0.05), whereas a nuclear abundance of STAT3 was increased at 2 hours (p Ͻ 0.01).
Expression of IL-6 mRNA IL-6 mRNA expression was not found in the liver of control animals. After SO and PCS, IL-6 mRNA (p Ͻ 0.05) was significantly induced at 2 hours, but not at 0.5 hours (Fig. 3) , whereas it was significantly increased at both times after PH (p Ͻ 0.001, not shown).
However, among SO rats, a strong variability in IL-6 expression was observed: only three of six rats were positive for IL-6 mRNA.
Expression of c-myc and c-jun mRNA
c-myc and c-jun transcripts were detected in livers of controls (Fig. 4) . After PH, an increase (p Ͻ 0.001) in c-myc mRNA was observed at 0.5 hours (7-fold) and 2 hours (5-fold), and c-jun expression was also increased 4-fold at 0.5 hours (p Ͻ 0.001) and 2-fold at 2 hours (p Ͻ 0.05) (not shown).
After SO, c-myc expression increased 3-fold at 0.5 hours (p Ͻ 0.01) and 5-fold at 2 hours (p Ͻ 0.001). c-jun mRNA showed 1.5-fold and 4-fold increase at 0.5 and 2 hours (p Ͻ 0.01 and p Ͻ 0.001, respectively). After PCS, c-myc expression showed a statistically A, Identification of nuclear factor (NF)-B binding activity by electrophoretic mobility shift assays (EMSA). Nuclear extracts were prepared from partial hepatectomy (PH) (0.5 hours, Lane 2), control (Lane 3), sham (0.5 and 2 hours, Lanes 4 and 5), and portacaval shunt (PCS, 0.5 and 2 hours, Lanes 6 and7). Ten micrograms of nuclear proteins were incubated with a 32 P-labeled oligonucleotide containing the NF-B binding site followed by electrophoresis through a 5% polyacrylamide gel. A rabbit reticulocyte lysate expressing selectively p65 NF-B was used as positive control (Lane 1). Supershift experiments with NF-B p50-and p65-specific antibodies confirmed the specificity of the complexes detected after sham operation (SO) and PCS (Lanes 8 -10), which do contain p50 and p65 subunits of the transcription factor. B, Quantification of NF-B protein by densitometric analysis of Western blots. Mean values Ϯ SEM obtained from individual densitometric measures are represented (n ϭ 3). Weak expression of the factor was noticed in control animals. NF-B p65 protein was significantly induced at 0.5 hours after PH and PCS. *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001.
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significant increase (3-fold) at 0.5 hours and at 2 hours (p Ͻ 0.01), whereas a rapid and highly significant increase in c-jun transcript at 0.5 (20-fold) and 2 hours (15-fold) was found (p Ͻ 0.001).
Expression of p53 and c-Ha-ras mRNA p53 ( Fig. 5A ) and c-Ha-ras ( Fig. 5B ) transcripts were detected in livers of controls. p53, but not c-Ha-ras, mRNA levels were significantly up-regulated 8 hours after PH (2.5-fold) and TPH (2-fold)(p Ͻ 0.001). At 24 hours, p53 returned to baseline levels in both groups. In contrast to p53, c-Ha-ras mRNA was only significantly increased at 24 hours after PH (2-fold) (p Ͻ 0.001). Following SO and PCS, no significant change in p53 and c-Ha-ras mRNA was observed at 8 hours. p53 and c-Ha-ras showed a significant decrease 24 hours after SO and TPH, respectively (p Ͻ 0.05).
Figure 2.
A, Identification of signal transducer and activator of transcription 3 (STAT3) binding activity by EMSA. Ten micrograms of nuclear proteins from control (Lane 1), SO (0.5 and 2 hours, Lanes 2 and 3), and PCS (0.5 and 2 hours, Lanes 4 and 5) were incubated with a 32 P-labeled oligonucleotide containing the STAT3 binding site followed by electrophoresis through a 5% polyacrylamide gel. Supershift experiments with STAT3-and STAT5-specific antibody confirmed that the complexes detected after SO (Lanes 6 -8) and PCS did contain STAT3, but not STAT5. B, Quantification of STAT3 protein by densitometric analysis of Western blots. Mean values Ϯ SEM obtained from individual densitometric measures are represented (n ϭ 3). Weak expression of this factor was noticed in control animals. STAT3 protein was significantly induced 2 hours after PH, SO, and PCS. *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001.
Figure 3.
Expression of interleukin-6 (IL-6) mRNA. Representation of reverse transcription-polymerase chain reaction (RT-PCR) of IL-6 and ribosomal protein L19 (RPL-19) mRNAs in controls (Lane 1), 0.5 hours and 2 hours after SO (Lanes 2 and 3), and 0.5 hours and 2 hours after PCS (Lanes 4 and 5). Total liver mRNA was subjected to RT-PCR as described in "Materials and Methods." The results were adjusted for their respective RPL-19 levels and then compared to a standard dilution curve obtained by amplification of liver mRNA from lipopolysaccharide (LPS)-treated rats in the same PCR procedure. IL-6 expression was significantly increased at 2 hours after SO and PCS (p Ͻ 0.05).
Figure 4.
Expression of c-myc and c-jun mRNAs. Representation of a Northern blot analysis of c-myc and c-jun after SO and PCS. Rats were killed 0.5 and 2 hours after surgery. Samples (20 g of total liver mRNA) were separated by electrophoresis on agarose gel and hybridized with their respective ␣ 32 Plabeled cDNAs and blotted. 18S mRNA hybridization was used as a control for loading. c-myc and c-jun were significantly increased at all investigated time points. 
Expression of IL-1␤ mRNA
No significant change was seen at 8 hours (not shown) and 24 hours after PH, TPH, and SO. IL-1␤ mRNA was elevated 24 hours after PCS (p Ͻ 0.01) (Fig. 6 ).
Expression of TGF-␤1 mRNA
No change in liver TGF-␤1 mRNA levels was observed at 24 hours after PH, TPH, SO, and PCS (Fig. 6 ).
Discussion
Induction of transcription factors (NF-B and STAT3), immediate-early proto-oncogenes (c-fos, c-myc, c-jun), and proinflammatory cytokines (TNF-␣, IL-6) constitutes some of the earliest responses to a PH (Fausto and Mead, 1989; Fausto et al, 1995) . It is generally accepted that these early modifications play an important role in the process that allows the hepatocyte to enter the cell cycle as a consequence of the reduction of liver mass. As pointed out years ago by Fausto and Mead (1989) , the full responses "unfold automatically" after PH, and additional methods are therefore useful in clarifying the origin and importance of the early events. One of the first experiments was to show that the dietary manipulations could induce a similar, but probably incomplete, response and accelerate the in vitro proliferation of primed hepatocytes after the administration of growth factors (Mead et al, 1990) . The importance of early events was also suggested as early as 1970 (Moolten et al, 1970) : a sham operation, performed before a PH, produced an acceleration of the proliferative response after PH. No measurement of the early factors was performed in this and a subsequent paper on the topic by Sakamoto et al (1977) . More recently, studies focusing on the early factors implicated in liver regeneration have emphasized their essential role in the process that allows the hepatocyte to enter the cell cycle (Cressman et al, 1996; Yamada et al, 1997) . Nevertheless, our previous studies in other surgical models, such as TPH and PBL, have rather suggested that these early events are more likely related to accompanying surgical stress and do not provide specific signals for cell cycle progression (Lambotte et al, 1997; Stärkel et al, 1999) . Moreover, they do not seem to be required in some models of liver hypertrophy (Ledda-Columbano et al, 1998; Menegazzi et al, 1997) . Similarly, recent studies using knockout mice for receptor gp130 also suggest that liver regeneration after PH was not affected by an inhibition of STAT3 activation (Wustefeld et al, 2000) .
In the present study, the origin and specificity of the early cellular response was further assessed after SO, a model devoid of cell mass reduction and proliferation, and after PCS, which leads to a marked liver atrophy (Fisher et al, 1979) . Activation of early factors occurred in both models, confirming that they are not specifically associated with a reduction of liver mass and with subsequent liver regeneration. After PCS, the early events, including the rapid activation of NF-B and STAT3 and the expression of IL-6 and immediateearly genes, were similar to those observed by us and many others after PH (Alcorn et al, 1990; Cressman et al, 1994 Cressman et al, , 1995 FitzGerald et al 1995; Thompson et al, 1986; Trautwein et al, 1996) . Because this response occurs in the absence of proliferating lobes, we can reasonably exclude an influence of the latter on the response obtained in the atrophying lobes of the PBL model. The absence of portal blood flow in PSC model allows us to refute the role of portal circulatory factors as potential inducers of early events observed after PH.
After SO, STAT3 was activated in all livers, but IL-6 was increased only in three of six rats. The variability of the response is consistent with the role of surgical stress in the activation of IL-6 in the liver, which has also been demonstrated as a consequence of other forms of stress as, eg, immobilization stress in mice (Kitamura et al, 1997) . These results further suggest that factors other than IL-6 are responsible for STAT3 activation in such conditions. One of them could possibly be the hepatocyte growth factor as demonstrated in hepatocyte cell cultures (Schaper et al, 1997) . DNA binding of a transcriptionally active p65/ p50 NF-B complex was not found after SO. However, a faster migrating complex was observed, which could represent another heterodimer such as p50/p35, previously described after PH. This might result from the turnover of nuclear p65 via a degradative mechanism that converts it to p35, preserving the B binding activity (Cressman et al, 1994) .
If the initial response can be induced by a great variety of stimuli ranging from PH to dietary manipulations (Fausto and Mead, 1989) , the course of events diverges at some time point. The divergence may exist from the very beginning, involving mechanisms that remain presently undetected. To support this hypothesis, it can be pointed out that the patterns of activation of c-myc and c-jun were different after PH, SO, Expression of interleukin-1␤ (IL-1␤) and transforming growth factor-␤1 (TGF-␤1) mRNAs. Representation of RT-PCR of IL-1␤, TGF-␤1, and RPL-19 mRNAs in controls (Lane 1), 0.5 hours and 2 hours after SO (Lanes 2 and 3), and 0.5 hours and 2 hours after PCS (Lanes 4 and 5). Total liver mRNA was subjected to RT-PCR as described in "Materials and Methods." The results were adjusted for their respective RPL-19 levels and then compared with a standard dilution curve obtained by amplification of liver mRNA from LPStreated rats in the same PCR procedure. IL-1␤ expression was significantly increased at 24 hours after PCS (p Ͻ 0.01), whereas there was no change in TGF-␤1 expression at all investigated time points.
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and PCS. This suggests that the early response might be influenced either by the severity or by the nature of the surgical stress. The differences in the peak levels of transcription factors and immediate-early genes after SO and PCS, but also between anterior and posterior lobes of the PBL model (Stärkel et al, 1999) , could be of some importance, because overcoming a speculative threshold level might be required to induce the complete sequence of events leading to hepatocyte proliferation. The methods used were semiquantitative and therefore did not allow us to exclude this possibility. The absence of proliferation observed when the liver mass is reconstituted 3 hours after PH demonstrates that these early changes are not sufficient to promote a regenerative response (Lambotte et al, 1997) The initial response seems to be common for divergent outcomes, and the recruitment of early factors may be part of a general response to liver stress resulting in protective and anti-apoptotic measures, as suggested by recent works (Iimuro et al, 1998; Leu et al, 2001; Plumpe et al, 2000) . The separation of downstream signaling could occur later, and the precise moment at which the evolution toward proliferation, atrophy, or maintenance of the liver mass starts to diverge after a similar, if not identical, early response remains unknown. We, therefore, investigated the expression of elements implicated either in the control of the progression through the cell cycle, such as p53 and c-Ha-ras (Fausto and Mead, 1989; Kren et al, 1996; Thompson et al, 1986) , or in the inhibition of hepatocyte proliferation, such as IL-1␤ (Boulton et al, 1997; Nakamura et al, 1988) and TGF-␤1 (Nakamura et al, 1985; Russel et al, 1988) , at later time points after PH, TPH, SO, and PCS.
The TPH model corresponds to a functional PH during the first 3 hours, followed by a reconnection of the devascularized lobes at 3 hours and an absence of DNA synthesis at 24 hours (Lambotte et al, 1997) . In the present work, we have shown that expression of p53 mRNA was increased at 8 hours after TPH, as it was after PH in our study and in previous studies (Thompson et al, 1986; Kren et al, 1996) . In contrast, c-Ha-ras expression was elevated at 24 hours after PH only, in direct correlation to the peak of DNA synthesis, confirming reported findings (Goyette et al, 1983; Thompson et al, 1986 ). Activation of c-Ha-ras seems clearly associated with S phase progression, and this hypothesis is reinforced by the findings that the blocking of ras activity by anti-ras antibodies results in G1 cycle cell arrest (Dobrowolski et al, 1994) . After SO and PCS, no significant increase in p53 and c-Ha-ras mRNAs was observed at 8 and 24 hours. The results suggest that p53 in TPH may drive hepatocytes to progress toward the late G1 phase of the cell cycle, whereas they do not progress beyond the early G1 phase in the SO and PCS models. Indeed, it has been suggested that p53 is a key element of the transition from G1 to S phases and may act as an inhibitor of the "mitogen restriction point" (Bellamy et al, 1997) . The restriction point may thus vary depending upon the initial stimulus. The absence of progression through the cell cycle in TPH, SO, and PCS could be due to a lack of activation of stimulating factors, a predominance of inhibitory factors, or an imbalance between the two. We have investigated two potential inhibitors, IL-1␤ and TGF-␤1, implicated in vitro and in vivo in the inhibition of hepatocyte proliferation (Boulton et al, 1997 (Boulton et al, , 1998 Nakamura et al, 1985 Nakamura et al, , 1988 Russel et al, 1988) . After PH, a transient and rapid increase in hepatic expression of IL-1␤ mRNA has been shown (Boulton et al, 1997; Rai et al, 1997) , as well as an increase in TGF-␤ mRNA, starting at 4 hours after surgery and remaining elevated until 96 hours, with a progressive increase of the TGF-␤1 isoform until 48 hours (Bissell et al, 1995 , Braun et al, 1988 . These two cytokines may act as inhibitors of the progression through the cell cycle and, in this way, may play a significant role in the control of liver regeneration. It was therefore intriguing to determine whether IL-1␤ and TGF-␤1 would be particularly expressed in circumstances where a surgical stimulus does not lead to subsequent proliferation after an initial response. IL-1␤ remained at low control values 24 hours after PH, but also after TPH and SO. It was, however, increased after PCS, as it was in the ligated lobes after PBL in our study (Stärkel et al, 2001 ) and in other studies (Uemura et al, 2000) . It has been demonstrated that administration of exogenous recombinant IL-1␤ in vivo diminishes the replicating surge of hepatocyte DNA synthesis after PH (Boulton et al, 1997) , whereas blocking its effect by administration of IL-1␤ receptor antagonists during the first 24 hours after PH enhances hepatocyte proliferation in rats (Boermeester et al, 1995) . This cytokine might exert a negative growth modulator effect preventing uncontrolled hepatocyte proliferation (Higashitsuji et al, 1995) . However, absence of IL-1␤ expression after TPH and SO does not favor a role for this cytokine as a major negative regulator of hepatocyte proliferation during the first 24 hours. Nevertheless, marked expression of IL-1␤ at 24 hours was found in atrophying livers after PBL and PCS. It is conceivable that IL-1␤ may act as a negative modulator of cell cycle events, required for inducing and/or maintaining the commitment of the hepatocyte toward atrophy. Our results do not support the hypothesis of an inhibitory role of TGF-␤ on hepatocyte proliferation, because no change in TGF-␤ mRNA was noticed at 24 hours in contrast to the results of Bissell et al (1995) . It is, however, possible that TGF-␤ exerts an inhibitory effect at later times. Indeed, a peak of TGF-␤ expression following PH has been reported after the major wave of DNA synthesis (Braun et al, 1988) , but later times have not been evaluated in our studies. It is also possible that the sensitivity of hepatocytes to the TGF-␤ inhibitory effect is dependent on the expression of its receptors during regeneration or atrophy as described after PH (Chari et al, 1995) .
In conclusion, in agreement with the data previously obtained from the PBL model, we demonstrate, using SO and PCS models, that activation of early factors such as NF-B, STAT3, and IL-6 is not specifically associated with the reduction of liver mass or with the regenerative process. All these changes are more likely related to nonspecific surgical stress and, as such, are not predictive of future cell evolution, which is determined at later times.
In this regard, investigating four models (PH, TPH, SO, and PCS), a marked difference in p53 expression seemed to be correlated with hepatocyte progression through the cell cycle, whereas c-Ha-ras was associated with the subsequent evolution toward regeneration. By contrast, prolonged IL-1␤ expression appears to be linked to the absence of portal blood flow in PBL and PCS. This cytokine may exert a major negative growth effect in these models, and it possibly plays a role in the mechanisms leading to and/or maintaining atrophy. TGF-␤, whose expression remained unchanged, does not seem to be important at least at 24 hours after surgery. As there were great similarities between the initial responses, despite very different outcomes, a divergent response appears after a few hours concerning factors that are related either to the progression in the cell cycle or to the inhibition of this progression. These elements may be activated by common initiating mechanisms, or they may simply require the changes induced to get expressed.
Materials and Methods
Animals
Male Wistar rats (210 -275 g body weight) were obtained from the Rat Breeding Facilities of the Catholic University of Louvain Medical School, Brussels, Belgium. All animals were kept in a temperature-and humiditycontrolled environment in a 12-hour light-dark cycle. At all times, they were allowed free access to water and standard food pellet diet (Usine d'Alimentation Rationnelle, Villemoisson-sur-Orges, France). The animals were handled according to the guidelines established by the Catholic University of Louvain.
Surgical Procedures and Experimental Design
All operations were carried out under light ether anesthesia at room air between 9:00 am and 12:00 noon with use of a clean, but not sterile, technique. Hepatectomy consisted in mid-ventral laparotomy and resection of the left lateral and median lobes (70% of the liver), according to Higgins and Anderson (1931) . Temporary partial hepatectomy (TPH), described by Lambotte et al (1997) , consisted in mid-ventral laparotomy and devascularization with a clamp of the median and left lateral lobes, secondarily immersed in 0.9% NaCl solution at 8°C. After 3 hours, the clamp was removed and the anterior lobes (AL) were replaced in the abdomen. SO rats underwent midventral laparotomy followed by dissection of the relevant ligaments without ligature. PCS consisted in dissection of the portal vein and inferior vena cava from the entrance of the right renal vein to its disappearance beneath the liver. The portal vein was clamped for 10 to 15 minutes and end-to-side anastomosis was performed . The operative field was irrigated with warm saline solution during the intervention. In the control group (0 hours), the livers were removed without any prior surgical aggression. Postoperatively, the animals had free access to water and food.
The rats were killed under ether anesthesia by exsanguination after puncture of the abdominal aorta and transection of the inferior vena cava in the thoracic cavity. They were killed at 8 hours and 24 hours after PH and TPH, at 0.5 hours and 2 hours after SO, and at 0.5 hours, 2 hours, 8 hours, and 24 hours after PCS. The livers were removed and the lobes were rapidly weighed, snap-frozen in liquid nitrogen, and stored at Ϫ80°C. A minimum of three rats was killed in all groups at each of the indicated time points.
Preparation of Nuclear Extracts and Total RNA Isolation
Nuclear extracts were prepared as described by Hattori et al (1990) , with slight modifications. All steps were performed at 4°C. All buffers were supplemented with protease and phosphatase inhibitors as follows: 2 g/ml each of antipain, aprotinin, bestatin, and leupeptin; 0.5 mM NaF; and 1 mM Na 3 VO 4 (all protease and phosphatase inhibitors were purchased from Sigma Chemical Company, Bornem, Belgium). The nuclear extracts were resuspended in the nuclear extract dialysis buffer (NED) (25 mM Hepes, 40 mM KCl, 0.1 mM EDTA, 1 mM dithiothreitol [DTT], 0.5 mM phenylmethylsulfonyl fluoride [PMSF], 0.5 mM NaF, 1 mM Na 3 VO 4 ) and dialyzed for 4 hours against 250 ml NED with one change of dialysis solution. After dialysis, the extracts were centrifuged at 14,000 rpm for 5 minutes at 4°C in a microcentrifuge (Sorvall RMC 14; DuPont, Newtown, Connecticut) to remove insoluble material, frozen in aliquots on liquid nitrogen, and stored at Ϫ80°C until use.
Protein content was determined using a bicinchoninic acid (BCA) protein assay with serum albumin as a standard (Pierce Chemical, Rockford, Illinois). Total RNA was prepared from frozen liver tissue using the guanidine thiocyanate and cesium chloride method (Chirgwin et al, 1977) .
Electrophretic Mobility Shift Assays
Five to fifteen micrograms of nuclear proteins were preincubated for 30 minutes at room temperature with 2 g poly(dI-dC) in the following binding buffers: NF-B (20 mM Hepes, 60 mM KCl, 5 mM MgCl 2 , 0.2 mM EDTA, 0.5 mM PMSF, 0.5 mM DTT, glycerol 10%, Nonidet P40 1%); STAT3 (10 mM Hepes, 50 mM NaCl, 1 mM EDTA, glycerol 10%). Double stranded oligonucleotides were 32 P end-labeled with ␥-32 P ATP and added to the extracts (10 5 cpm). The mixtures were further incubated for 30 minutes at room temperature and then electrophoresed (200V, 2 hours) on a 5% polyacrylamide gel (29:1 cross-linking) in a ϫ1 TAE buffer (6.7 mM Tris-HCl, 1 mM EDTA, 3.3 mM NaAc). For antibody supershift assays, 4 l of the antibody (1 g/l) was added to the respective samples after 30 minutes of incubation with the labeled probe to confirm the identity of NF-B and STAT3. The samples were incubated at room tempera-ture for an additional 30 minutes before electrophoresis. The anti-p50 and p65-specific polyclonal antibodies for the NF-B components, as well as the STAT3, were purchased from Santa Cruz Biotechnology (Santa Cruz, California). The following probes were used: preannealed chromatography-purified double-stranded oligonucleotides from the class I major histocompatibility complex enhancer element H2-B; TCGAGGGCTGGGGATTC-CCCATCTC (NF-B) and from the serum-inducible factor binding element in the c-fos promoter; GATCCTC-CAGCATTTCCCGTAAATCCTCCAG (STAT3). A rabbit reticulocyte (Promega Benelux, Leiden, Netherlands) and an EGF-stimulated A431 cell nuclear extract (Santa Cruz Biotechnology) were used as standards for NF-B and STAT3, respectively. Gels were dried and exposed to a Kodak Biomax MS film (NEN Life Science Products, Inc., Boston, Massachusetts) for 16 to 24 hours.
RT-PCR of IL-6, IL-1␤, TGF␤1 m-RNAs
Total liver RNA (40 g) was treated with 10 U RNasin (Promega) and 1 U DNase (Promega) during 15 minutes at 37°C in an incubation buffer (Tris-HCl 10 mM, NaCl 50 mM, MgCl 2 25 mM) to avoid any DNA contamination during PCR. The absence of genomic DNA contamination was assured by submitting samples, where reverse transcriptase had been omitted from the reaction, to PCR amplification. After incubation, the purified RNA was extracted using phenol-chloroform-isoamyl alcohol (25:24:1) (Sigma) and chloroform (Sigma) and then precipitated by addition of sodium acetate (3 M) and ethanol 100%. Five micrograms of purified RNA were preincubated with random hexamer and water for 10 minutes at 70°C. Four hundred units of moloney murine leukemia virus (M-MLV) reverse transcriptase (Gibco BRL, Merelbeke, Belgium) were added together with DTT and deoxynucleoside triphosphate (dNTP; Pharmacia LKB, Uppsala, Sweden), and the reaction was continued for further 60 minutes at 37°C. The reverse transcription products were amplified in a two-step PCR using Taq DNA polymerase (Boehringer Mannheim, Brussels, Belgium) and specific IL-6, IL-1␤, and TGF␤1 primers. In our models, we have assessed TGF-␤1 expression, which is the most abundant isoform in liver (De Bleser et al, 1997) . Ribosomal protein L19 (RPL19) cDNA was co-amplified as standard. A PCR of 30 cycles (94°C for 1 minute; 60°C for 1 minute, 30 seconds; 72°C for 2 minutes) was performed using the IL-6 primers, a PCR of 24 cycles (94°C for 1 minute; 56°C for 1 minute, 30 seconds; 72°C for 2 minutes) was performed using the RPL19 primers, a PCR of 24 cycles (94°C for 1 minute; 60°C for 1 minute, 30 seconds, 72°C for 2 minutes) was performed using the IL-1␤ primers, and a PCR of 28 cycles (94°C for 1 minute; 60°C for 1 minute, 30 seconds; 72°C for 2 minutes) was performed using the TGF-␤1 primers. The following primers were used: IL-6 sense CTTCCAGCCAGTTGCCTTCT; antisense AGCCA-GAGTCATTCAGAGCA, RPL19 sense AGTATGCTTAG-GCTACAGAA; antisense GCAGGTCTAAGACCAAG-GAA, IL-1␤ sense GTGGCAGCTACCTATGTCTT; antisense GAGAGGTGCTGATGTACCAG, TGF-␤1 sense GGACTCTCCACCTGCAAGAC; antisense CAGAGCTGCGCCTGCAGAG.
In parallel, RNA samples obtained from lipopolysaccharide-treated rats (positive control for IL-6, IL-1␤, TGF-␤1, and RPL19) were serially diluted and coamplified in the same PCR procedure. Standard dilution curves for IL-6, IL-1␤, TGF-␤1, and RPL19 were thus obtained. [␣- 32 P]dCTP was included for detection of the PCR products that were separated by electrophoresis through an agarose gel (1.5%) and dried and exposed to a Kodak Biomax MS film (NEN Life Science Products, Inc.) for 1 hour.
The bands were subjected to densitometric analysis (GelDoc 2000 Scan; Bio-Rad, Nazareth, Belgium), and semiquantitative analysis of signal strength was obtained by comparing the measured values to their standard dilution curves. IL-6, IL-1␤, and TGF-␤1 values were finally adjusted for the respective RPL19 values.
Northern Blotting
Twenty micrograms of RNA were resolved on 1% agarose gels containing 1% formaldehyde and transferred to Hybond-N membranes (Amersham Pharmacia Biotech, Little Chalfont, Buckinghamshire, England). cDNA probes were 32 P-labeled by the method of "random priming" using a Megaprime DNA labeling System (Amersham). Oligonucleotide probes were 32 P end-labeled using a T 4 polynucleotide kinase (Amersham). After ultraviolet fixation, the filters were hybridized with the 32 P-labeled oligonucleotide or cDNA probes. The blots were exposed to a Hyperfilm MP (Amersham) for 4 hours to 7 days. Densitometry using an Ultroscan XL device (Pharmacia) was performed. The results are expressed in arbitrary densitometric units adjusted for the respective 28S ribosomal signal. The c-jun cDNA was kindly provided by D. Morello (Institut Pasteur, Paris, France). The c-myc cDNA was purchased from Oncor (Gaithersburg, Maryland). The p53 cDNAs were kindly provided by T. Soussi (IN-SERM U301, Paris, France) (Soussi et al, 1988) . The c-Ha-ras cDNAs were purchased from Oncor. The 28S rRNA oligonucleotide was obtained from Oncogene Sciences (Uniondale, New York).
Western Blotting
Nuclear protein (30 g [STAT3] to 40 g [NF-B]) was resolved on an SDS-PAGE gel and transferred to a HYBOND-P membrane (optimized for protein transfer) (Amersham). The blotted membrane was blocked (1 hour, room temperature) in Tris buffered saline (TBS) containing 5% of membrane blocking reagent (Amersham). All of the following incubations were carried out at room temperature in TBS containing 1% of membrane blocking reagent. The incubation steps were followed by five washing steps of 3 minutes with TBS containing 0.1% Tween 20. The following antibodies were used: a STAT3 rabbit polyclonal primary antibody (Santa Cruz Biotechnology; 1:3000; 1 hour), a NF-B p65 rabbit polyclonal primary antibody (sc-372-G, Santa Cruz Biotechnology; 1:2000; 1 hour), a secondary bio- tinylated antibody (donkey anti-rabbit IgG, Amersham; 1:30000; 1 hour). The antigen-antibody reaction was visualized using the Amersham chemiluminescent detection system followed by exposure of the membranes to a Kodak X-Omat Blue XB film (NEN Life Science Products, Inc.) for 2 minutes. Equal protein load on membranes and complete transfer were checked by staining gels and membranes with Coomassie blue. Liver cytoplasmic extracts, obtained 45 minutes and 75 minutes after PH, were used as positive controls for NF-B and STAT3, respectively. All blots were produced twice and the amount of immunoreactive nuclear protein on each membrane was quantified using a GelDoc 2000 Scan (Bio-Rad). The volume values were adjusted for total nuclear protein load. The final result of each sample was defined as the mean of two immunoblots performed on an identical nuclear extract sample.
Statistical Analysis
Results are expressed as means Ϯ SEM in comparison with control values. The statistical differences between the groups were tested using the one-way analysis of variance (ANOVA), followed by StudentNewman-Keuls multiple comparison tests. Statistical significance was admitted for a p value Ͻ0.05.
